Abstract. Previously only linear polarization is widely used in the Synthetic Aperture Radar (SAR) system onboard spaceborne and airborne platforms. In such linearly polarized SAR (LP-SAR) systems, Faraday rotation in the ionosphere and platform posture will contribute to the system noise. Therefore to improve this situation, currently a novel Circularly Polarized Synthetic Aperture Radar (CP-SAR) sensor is developed in Microwave Remote Sensing Laboratory, Chiba University. Moreover, from this research, a new backscattering data based on circularly polarized wave in the remote sensing field can be obtained. As an early stage of the development of this CP-SAR sensor, we built an Unmanned Aerial Vehicle (UAV) platform for testing CP-SAR sensor capabilities. In this paper, we describe the novel CP-SAR sensor and the method to design CP-SAR UAV especially in estimating the requirement of data memory capacity. Also a smaller antenna is possible to be implemented since the 3 -dB axial ratio on antenna characteristic becomes the main parameter in this new CP-SAR technique. Hence, a compact CP-SAR sensor onboard a small and low cost spaceborne platform yielding a high accuracy SAR image data can be realized in the near future.
wave could cause mismatch polarization loss in the receiver SAR system.
For the L-band frequency which is suitable for land observation and vegetation monitoring, in the worst case it is predicted that the value of Faraday rotation could achieve up to 40° (Freeman, 2003) . Also from Meyer and Nicoll (2008) could be studied that the value exceeding 25°of Faraday rotation exists in the PALSAR sensor onboard Advance Land Observation Satellite-ALOS.
Introduction
In the transmission and reception process, the microwave signal that used by the conventional linearly polarized SAR (LP-SAR) spaceborne system is very sensitive from Faraday rotation that exists in the ionosphere (Rignot, 2000) . In the transmission process, the polarization plane orientation of the microwave signal that impinging the earth surface will be altered as compare to the signal that transmitted by the SAR sensor (Dubois-Fernandez et al., 2008; Wright et al., 2003) . Here, this polarization plane orientation is defined as the tilt angle, t (see Figure 2 ).
In the receiver part, the difference polarization plane orientation (D t ) between the implemented LP-SAR antenna receiver system and the reflected linear polarization International Journal of Remote Sensing and Earth Sciences Vol. 7, 2010 In the scattering process, since the polarization plane orientation of the signal resulted scattering mechanism will be different from time to time depends on the condition of the ionosphere. Thus, the usage of circularly polarized (CP) wave is expected to become a suitable solution for SAR spaceborne multitemporal observation (Dubois-Fernandez et al., 2008) as the signal plane orientation that arrives on the Earth surface will stay the same as the transmitted one. Although in other microwave systems, such as in the communication system (International Telecommunication Union, 2002 ) and the radio astronomy application (Raney, 2007) , this circularly polarized wave has been commonly used, but its application in the spaceborne SAR for Earth observation has never been accomplished.
The major challenge in realizing this system is achieving adequate value of axial ratio (AR), S parameter, input impedance and gain simultaneously within the targeted bandwidth around the operational frequency on the implemented antenna system. Therefore, our Laboratory currently has been developing a novel SAR sensor based on the circularly polarized microwave . In its development stages, firstly, the CP-SAR sensor will be tested onboard airborne International Journal of Remote Sensing and Earth Sciences Vol. 7, 2010 25 Etimation of Data Memory capacity platform, named as Josaphat Laboratory Experimental UAV (JX -1) (see Figure 1 that come toward to the Earth surface will be influenced by Faraday rotation, the and Table 1 ). The operating frequency is 1.27 GHz (L-band) and the Range Doppler Algorithm is used in the signal processing. From this CP-SAR UAV experiment, a remarkable knowledge for CP-SAR system onboard a small satellite (CP-SAR PSAT) realization is expected to be obtained. This CP-SAR PSAT is scheduled to be launched in the near future of 2014 (Sri Sumantyo et al. 2009 ).
Furthermore, a new kind of backscattering data in the field of remote sensing based on circular polarized microwave usage could be obtained by using our CP-SAR sensor. In the next section of this paper the microwave polarization classification based on the AR value will be discussed. Then, in section 3, the novel CP-SAR fundamental will be explained. Section 4 will describe the method to estimate the raw data memory capacity for CP-SAR UAV and the results.
Finally the summary will be given in section 5. 
Axial Ratio (AR) in Polarization Classification
In the microwave system, the value of AR parameter (R) is used to determine the type of wave polarization. Here, R is defined as (Stutzman, 1993) (1)
where e represents the ellipticity angle (-45°£ e £ 45°) (see Figure 2) . Generally, there are three types of polarization, i.e. of R then also can be estimated as the ratio of the maximum (OA) and minimum value (OB) of the electric field amplitude. In regards to polarization sense, the sign of R is positive for right-handed (RH) polarization and negative for left-handed polarization (LH).
In our CP-SAR UAV sy stem (see Figure 3) , the circularly polarized microwave is generated by feeding the CP-SAR antenna system in order that the radiated electromagnetic wave will have a 90°phase difference (d ) between y component (E y ) and x component (E x ). Here, the direct feeding method is used in our CP-SAR UAV system (Baharuddin et al., 2010; Yohandri et al., 2011) . The value of G should be -90°and 90q to generate left-hand circular polarization (LHCP) and right-hand circular polarization (RHCP), respectively. Although, theoretically, for perfect circularly polarized wave the R value should be 0 dB, our experiment results (Baharuddin et al., 2010; Yohandri et al., 2011) have shown that practically this condition is very difficult to be achieved. Hence, in our CP-SAR system, both of our LHCP and RHCP antenna array radiation pattern characteristic are targeted and infinite for circular polarization and linear polarization, respectively. In case of elliptical polarization, R is in between of 1 up to infinite. Practically, R is presented in dB unit as 20 log 10 |R|. The absolute value
Fundamental of CP-SAR System
In the conventional LP-SAR system, the effective footprint for both elevation and azimuth direction is determined by the 3-dB half power beamwidth of the antenna system. This 3-dB half power beamwidth is defined as the antenna beamwidth of gain, where the antenna still has gain up to 3-dB down in comparison with its maximum gain in the antenna main lobe radiation pattern (see Figure 4 ). This 3-dB half power beamwidth is related to the antenna physical size as (Stimson, 1998) ( 2) where W, L and O is the physical antenna width, the physical antenna length and the operational radar wavelength, respectively. On the elevation direction, the value of q el-LP determines the swath width ground that could be covered by the LP-SAR system (Freeman et al., 2000) . On the azimuth direction, the q az-LP is related to the synthetic aperture length (Ls a-LP ) and the estimated azimuth resolution (d az-LP ) as (Tomiyasu, 1978) , L 88
pattern has R value up to 3-dB (see Figure  4 ). This 3 -dB AR beamwidth is expressed as (3) where R o is the nearest range distance to the target in azimuth plane view as described in Figure 5 (b).
In the novel CP-SAR system, the effective footprint is determine by two antenna parameters which are the 3-dB half power beamwidth and the 3-dB AR beamwidth. The first parameter has already explained in Equation (2). The 3-dB AR beamwidth is defined as the antenna beamwidth within the 3-dB half power beamwidth which the antenna radiation 
In the range direction, the ground range resolution (d g ) can be estimated as (Cumming and Wong, 2005) 
where c is the velocity of light (3x10 8 ms -1 ) and B is the chirp pulse bandwidth. From Figure 6 , the total length of flight (L) that should be covered by the CP-SAR UAV to take data for the targeted image size (I CP ) can be expressed as (13) where L o is the length of the image size that targeted to be covered and the parameter L SA-CP is described in equation (11).
where R e is the Earth radius (» 6371 km). For airborne system, the value of H is relative small compare to R e (H << R e ) thus the result of q i | q o will be obtained. The CP-SAR swath width ground (W g-CP ) can be estimated as follows (9) and substituting equation (5) and (7) into equation (9) where, R f and R n are the CP-SAR UAV far range and near range, respectively, H is the UAV platform altitude, and q o is off nadir angle. R m is the CP-SAR middle slant range related to
Data Memory Capacity Estimation 4.1.CP-SAR UAV Geometry System
Base on explanation in section 3, the CP -SAR UAV geometry system can be derived as shown in Figure 5 
where t p is the pulse length. Since in the airborne SAR system the reflected pulse will be received immediately by the sensor after a pulse transmission, the value of t start parameter will limit the t p value. This situation is illustrated in Figure 7 . Here, the length of transmitted pulse t p should be defined hence it would not collide with the receiving window. Therefore in our design, we set the switching time t sw as the period of time where the the CP-SAR sensor changing its mode from transmitting pulse mode into the receiving mode. Here, t sw equals to 3 m s is defined. The value of t p also has to meet time bandwidth product (TBP) bigger than 100 requirement (Henderson and Lewis, 1998 The scattered signal will be received and processed during the receiving window interval. As illustrated in Figure 7 , the receiving window interval (or time sampling interval) can be estimated from the difference between t start and t as Figure 5 visualizes that in its 3-dB AR beamwidth coverage (both q el-CP and q az-CP ), the SAR sensor receive the scattered pulses while it moves along the azimuth track. The nearest distance travelled by the scattered pulse to reach back the CP-SAR sensor is R n . On the other hand, the farthest distance for the pulse to travel back to the sensor equals to the range maximum (R max ). This R max is defined as the hypotenuse of the R f and L SA-CP and can be expressed as Both of these distance parameters, R n and R max , is the important parameters for controlling the starting time and stopping time in the SAR signal processor sampling process.
The start sampling time (t start ) is the time when CP-SAR system firstly begins to detect the reflected signal. This t start parameter is defined as (15) where R n is defined in Equation (5). The stop sampling time (t stop ) is described as where T si is the sampling time interval, t start and t stop defined in Equation (15) and (16). Figure 8 shows the block configuration of general SAR processor . Here, the received signal (RF receiver output) is then sampled by using sampling frequency (f s ) which follows the Nyquist theorem. For our CP-SAR UAV system (Figure 3 (a) ) that use complex I-Q signal format, the required f s is (Cumming and Wong, 2005) : (20) where a is typically equal to 1.2. The spacing of each sample (D t) can be expressed in time domain as the inverse of sampling frequency:
4.2.a. Signal Processing in The Range Direction
which D s az is in distance unit and v is the UAV velocity. The down sampling rate (K p ) in the SAR processor system can be estimated as (24) where B D is the Doppler bandwidth which for the CP-SAR system can be estimated as (Rizki Akbar et al., 2010)
which D s az is in distance unit and v is the UAV velocity. The down sampling ra te (K p ) in the SAR processor system can be estimated as (24) domain ( ) as
Hence in range direction, the number of samples per pulse (n) can be described as (22) 
4.2.b. Signal Processing in The Azimuth Direction
The number of transmitted pulses that transmitted by the CP-SAR system during one second while it flies along the azimuth direction are defined as Pulse Repetition Frequency (PRF). Then we can formulate the sample spacing in aperture domain (D s az ) as the sample spacing in aperture
where B D is the Doppler bandwidth which for the CP-SAR system can be estimated as . (25) In our CP-SAR design, the maximum value of K p in Equation (24) is used. Multiplying the value of K p with Equation (23) resulting the azimuth sample spacing after presummer filter (du) as (26) Therefore, the number of samples on the azimuth aperture with length L can be written as (27) . Output maintained almost constant over these angles . By applying Equation (2), (4), (10), (11) and (29), the required q el-CP and q az-CP is estimated. Table  2 shows the required q el-CP with the 1°i nterval in q o . The value of 6.77°in q az-CP is obtained for all q o from 40q up to 60°. From here can be noticed that a smaller physical size of antenna can be use in the CP-SAR system, as long as the targeted q el-CP and q az-CP is achieved and still meet the equation (4) requirement. Consequently, a novel light and small CP-SAR sensor can be developed then a low-cost CP-SAR sensor onboard a small satellite can be realized. Figure 9 (a) shows us the required ADC f s by applying Equation (12), (18), (20) and (29). Here, can be seen that lower f s is used for higher q o . The values of t p that applicable in our CP-SAR system are illustrated in Figure 9 (b). Longer t p can be used for higher q o and H since longer R n (t start ) will be obtained. Figure 10 (a) describes the estimation of data memory capacity (MC D ) for 4 channel CP-SAR system with n b is equal to 8 by applying Equation (13), (19), (21), (22), (26) and
Rate
In our CP-SAR UAV system, it is defined that (29) where d az-CP , d gr and W g-CP is explained in equation (11), (12) 
